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THE TETRACYCLINES are an aging family of broad-spectrum antibiotics. The parent compound chlortetracycline (tradename Aureomycin) was first isolated from Streptomyces aureofaciens in 1947 (21) . Soon after, other natural tetracyclines were isolated, including tetracycline, for which the family of molecules is named. Since then, the modifications of naturally occurring tetracyclines and the synthesis of novel compounds within the tetracycline family have generated many compounds. Two of the more common semisynthetic tetracyclines used clinically as antibiotics are doxycycline (DOX) and minocycline (MIN), which are essentially well-tolerated and safe compounds. Because of its broad-spectrum antibiotic efficacy, DOX is indicated for the treatment of a variety of infections, including anthrax, chlamydial infections, community-acquired pneumonia, Lyme disease, cholera, syphilis, Yersinia pestis (plague), periodontal infections, and others. MIN also displays broad-spectrum efficacy and is most often used clinically in the treatment of severe acne, but it is also indicated for many of the same infections as DOX (50) .
The tetracyclines exert their antibiotic effect primarily by binding to the bacterial ribosome and halting protein synthesis (39) . Bacterial ribosomes have a high-affinity binding site located on the 30S subunit and multiple low-affinity sites on both the 30S and 50S subunits (89) . Upon binding the ribosome, the tetracyclines allosterically inhibit binding of the amino acyl-tRNA at the acceptor site (A-site), and protein synthesis ceases (76) . However, the use of tetracyclines has declined in recent decades due to the emergence of resistant strains of bacteria (Fig. 1) . The primary mechanism of resistance is mediated by increased drug efflux out of the cell by a family of Tet proteins located on the cytoplasmic surface of the cell membrane (55, 97) . Whereas an understanding of the mechanisms of bacterial resistance (42) to the tetracyclines is important clinically, it also has led to the development of the Tet regulatory system, an important transcriptional regulation tool that is used extensively for targeted gene regulation in eukaryotes (35) .
Tetracyclines are also effective but slow-acting anti-malarial drugs. DOX-treated parasites appear morphologically normal until late in the second cycle of treatment but fail to develop into merozoites (15) . DOX specifically impairs the expression of apicoplast genes. Apicoplast (nonphotosynthetic major organelles found in cells of plants) are abnormal in the progeny of DOX-treated parasites. The loss of apicoplast function in the progeny of treated parasites leads to a slow but potent antimalarial effect.
Chemical Properties
While the complex chemistry of the tetracyclines is beyond the scope of this review, a basic understanding of the important features of these compounds is necessary to appreciate their ability to interact with such a wide variety of biomolecules. Tetracycline, DOX, and MIN are all composed of a four-ring core to which are attached various side groups (Fig. 2) . The dimethylamino group at the C4 carbon on the upper half of the molecule has been shown to be necessary for antimicrobial activity. 4-De-dimethylamino tetracyclines, also called chemically modified tetracyclines (CMTs), lack antimicrobial activ- Fig. 1 . Illustration of the means by which tetracyclines may lose their protein synthesis inhibitory capacity in pathogens such as bacteria. This may occur secondary to the enhanced extrusion of the drug, decreased entry, displacement from the target (ribosomes), or enzymatic inactivation. ity in vivo presumably due to the inability of the molecule to adapt a zwitterionic form necessary for activity (56) . However, CMTs do retain the ability to bind other nonmicrobial targets, such as matrix metalloproteinases (MMPs), facilitating their use in the treatment of other disease processes (32) . The oxygen-rich lower half of the molecule is critical for binding to both prokaryotic and eukaryotic targets, and interference with this region reduces or eliminates the effectiveness of the drug (33) . This region is relevant as site for metal ion chelation. Binding of tetracyclines to proteins, including TetR, may be greatly enhanced when the tetracycline is complexed with divalent metal ions such as Ca 2ϩ or Mg 2ϩ (86) . The binding of tetracyclines to MMPs is thought to be mediated by the chelation of structural and catalytic Zn 2ϩ ions within the enzyme (Fig. 3) (33, 70) . In addition, binding to the bacterial ribosome involves binding to RNA-bound Mg 2ϩ (29) . The strength of tetracycline-metal interaction is dependent on both the tetracycline and the metal ion present. In general, the affinity of the tetracyclines for different divalent metals is in order of decreasing affinity: (61) . The relative affinities of different tetracyclines for a given metal also differ and are highly dependent on pH and the presence of other metal ions (4, 6, 53) . The relative superiority of DOX as an MMP inhibitor is due to its increased affinity for Zn 2ϩ compared with tetracycline or MIN (7). In general, there is a direct relationship between lipophilicity and activity against Gram-positive bacteria. The lipophilicity of tetracycline, DOX, and MIN, as determined by partitioning between octanol and aqueous buffer, has been determined to be 0.025, 0.600, and 1.1, respectively (11) , and the minimum inhibitory concentration against Staphylococcus aureus is 0.21, 0.19, and 0.10 g/ml, respectively (5). Lipophilicity also affects tissue distribution. MIN is able to cross the blood-brain barrier much more readily than DOX or tetracycline. MIN attains levels in the brain nearly threefold higher than DOX, and tetracycline is undetectable in the brain (3).
Matrix Metalloproteinase Inhibition by Tetracyclines
Probably the best characterized non-antimicrobial property of the tetracyclines is their ability to inhibit members of the MMP family of endopeptidases. The MMPs are a family of zinc-dependent proteases that are involved in many physiological and pathophysiological processes including embryogenesis, tissue remodeling, inflammation, and tumor invasion (58) . MMPs can be subdivided based on crude substrate specificities into the collagenases, gelatinases, stromelysins, and membrane-type MMPs (MT-MMPs) (82) . The collagenase group includes MMP-1, MMP-8, and MMP-13, and all cleave fibrillar collagens (types I and III). Collagen fragments subsequently denature into gelatins. The gelatinases, which include MMP-2 and MMP-9, proteolyze the gelatins. The gelatinases also degrade basement membrane collagen (type IV). The stromelysins includes MMP-3, MMP-7, MMP-10, and MMP-11, and they are capable of degrading proteoglycans, laminin, fibronectin, collagen IV, and others. The cell membrane-anchored MT-MMP include six different MMP, of which MT1-MMP is the best characterized (19) .
Inhibition of MMPs is beneficial in many pathological conditions in which MMP-mediated proteolysis of the extracellular matrix (ECM) contributes to the pathogenesis, such as heart remodeling, tumor invasion, and inflammation (58, 64, 67) . Numerous synthetic compounds with potent and specific in Fig. 3 . Illustration of the means by which doxycycline through zinc and calcium chelation may act to inhibit matrix metalloproteinases (MMPs). Both ions are crucial to allow for enzyme activity.
vitro MMP inhibitory activities were developed, and many have entered clinical trials (64) . However, because of the lack of efficacy and serious musculoskeletal side effects, none progressed to phase III clinical trials. Currently, the only clinically available MMP inhibitor is DOX, which is marketed as Periostat, and it is indicated only for the treatment of periodontitis (64) . Following the seminal experiment by Golub et al. (31) showing that MIN inhibited collagenase derived from rat gingiva, tetracyclines became increasingly studied for their ability to inhibit MMPs.
The mechanism by which tetracyclines inhibit MMPs has not been completely elucidated. It is believed that they exert their anti-proteolytic effects by both direct inhibition of MMPs and by inhibiting their expression. Direct inhibition of MMPs appears to be mediated by an interaction between the tetracycline molecule and metal ions within the MMP. MMP inhibition can be reversed by the addition of millimolar amounts of Ca 2ϩ (30) or micromolar amounts of Zn 2ϩ (100) . Interestingly, it appears that the mechanism of inhibition is dependent on chelation of structural metals rather than chelation of the active site Zn 2ϩ (78) . In addition, it was recently shown that DOX binds to MMP-7 near the structural Zn 2ϩ and Ca 2ϩ ions and does not bind to the catalytic Zn 2ϩ (28) (Fig. 3) . The effectiveness of tetracycline inhibition against various MMPs depends on the tetracycline species, MMP species, and the pH. It has been shown that DOX is more potent than MIN or tetracycline against collagenases purified from rabbit corneas, with IC 50 values of 15 M, 190 M, and 350 M, respectively, and this trend may be explained by the relatively high affinity of DOX and low affinity of tetracycline for Zn 2ϩ (7). The IC 50 values for DOX against the collagenases MMP-8, MMP-13, and MMP-1 is 1-10 M, 5-30 M, and Ͼ200 M, respectively (36, 34, 79) ; the reasons for the differences in inhibition of the various MMPs are not clear. The pH of the system also affects inhibition as evidenced by the ability of DOX to inhibit MMP-8 at pH Ͼ 7.1 and inability to inhibit at pH Ͻ 7.1 (77) . In addition to inhibiting MMPs directly, tetracyclines also inhibit MMP synthesis. DOX inhibited cytokine-induced MMP-8 mRNA and protein accumulation in cultured rat synovial fibroblasts (41) . In cultured human skin fibroblasts, tetracycline inhibited interleukin-1 (IL-1)-induced MMP-3 expression (48) . Since MMP transcription is induced by a host of proinflammatory cytokines and other growth factors, including IL-1, IL-6, tumor necrosis factor-␣ (TNF-␣), epidermal growth factor, and others (13), it is likely that these upstream signaling cascades leading to MMP expression are important targets of tetracyclines. An interesting consequence of MMP inhibition is the indirect inhibition of serine proteases. MMPs can inactivate serine protease inhibitors (SERPINs) (17, 57) , and MMP inhibition with DOX or CMTs preserves SERPINs thereby blocking serine protease activity (14, 30, 37, 80, 81) .
MMP activity is upregulated early following a myocardial infarction (MI), suggesting an important role in mediating the acute injury and healing processes of the heart, including inflammation, angiogenesis, scar formation, and remodeling. However, early MMP activity may be a double-edged sword, leading also to early damage of the cardiac ECM. MMP activity increases within minutes of ischemia, reflecting activation of preformed latent MMPs within the myocardium (16, 23, 68) . The simultaneous appearance of type I collagen fragments in serum indicates that this early MMP activity contributes to significant collagen proteolysis (90) . This early damage may set the stage for long-term adverse remodeling. In addition to their role in mediating post-MI healing and remodeling, there is emerging evidence that the MMPs may actually contribute to myocyte death and dysfunction following ischemia-reperfusion (I-R) injury. MMP-2 activity is increased in isolated, perfused rat hearts following I-R, and treatment with DOX attenuated the increase in MMP-2 activity upon reperfusion and improved the recovery of contractile function (10) . MMP-2 activation following I-R resulted also in proteolysis of troponin I and myosin light chain, and DOX prevented their proteolysis (74, 94) . It is possible that MMP-mediated disruption of the normal myocyte-matrix architecture leads to myocyte cell death, since disruption of normal cell-ECM interactions has been shown to contribute to the induction of myocyte apoptosis both in vitro (71) and in vivo (18) . These studies demonstrate that inhibition of MMP activity holds promise for salvaging myocytes and preserving cardiac structure and function post-MI. However, for pharmacological MMP inhibition to be beneficial, the timing of MMP inhibition will likely be important. For example, early short-term MMP inhibition post-MI (Ͻ48 h) may block the early damage to the ECM while still allowing later events (Ͼ48 h), such as inflammation and wound healing, to proceed normally. Indeed, significant anti-remodeling (i.e., beneficial) effects can be observed in the infarcted heart when DOX is given for a limited period of time after injury (27) .
Reactive Oxygen Species Scavenging by Tetracyclines
Another well-characterized nonantimicrobial property of the tetracyclines is their ability to scavenge reactive oxygen species (ROS). Excess ROS are produced under many pathological conditions, including myocardial I-R injury and inflammatory processes, and can lead to the oxidative destruction or dysfunction of many cellular constituents. ROS are highly reactive and include the free radicals superoxide (O 2 ·Ϫ ) and hydroxyl radical (OH • ), the non-free radicals hydrogen peroxide (H 2 O 2 ), hypochloride (HOCl), and peroxynitrite (ONOO Ϫ ) (62). DOX, MIN, and tetracycline all have a multiple-substituted phenol ring, similar to vitamin E. The phenol ring is key to the ROS-scavenging abilities of these compounds. The reaction of the phenol ring with a free radical generates a phenolic radical that becomes relatively stable and unreactive due to resonance stabilization and steric hindrance by the phenol ring side groups (52) . MIN directly scavenge ROS in several cell-free mixed-radical assays with a potency comparable to vitamin E, and its scavenging ability was not dependent on chelation of Fe 2ϩ (i.e., inhibition of the Fenton reaction) (52) . Depending on the assay used, MIN had an IC 50 of 3-40 M and is 9 -250 times more potent as scavenger than that of DOX and 200 -300 times more potent than of tetracycline. The superior scavenging ability of MIN is likely due to the presence of the diethyamino group on the phenolic carbon (Fig. 4) , which is unique to MIN and provides improved steric hindrance (52) . Other groups have shown DOX to be an effective ROS scavenger. DOX inhibits both HOCl and a mixture of neutrophil-derived ROS in vitro, with an IC 50 of ϳ2 M (43). In addition, DOX inhibits HOCl-mediated activation of MMP-1 from osteosarcoma cells, with an IC 50 of ϳ50 M (66).
The generation of ROS upon reperfusion of ischemic myocardium is thought to be one of the primary mediators of reperfusion injury. It has also been shown that administration of exogenous SOD (9, 93, 99) and/or catalase reduces the extent of I-R injury in canine (1, 47) and porcine (60) models. The addition of ONOO Ϫ (which degrades to NO 2 and OH
•
) to isolated adult cardiac myocytes caused impaired calcium homeostasis and contractile dysfunction (54) . DOX treatment normalized calcium transients and reduced the decline in contraction induced by ONOO Ϫ .
Anti-Apoptotic Effects of Tetracyclines
A key event in the execution of the apoptotic cascade is the activation of caspases, a family of cysteine proteases. Caspases can be divided into upstream "initiator" caspases, which function to activate downstream caspases, and the downstream "executioner" caspases that are responsible for the proteolytic destruction of the cell (25) . Caspases may be activated by either the extrinsic (death receptor) pathway or the intrinsic (mitochondrial) pathway. In the extrinsic pathway (88), death signal proteins such as TNF-␣ and Fas ligand bind to their cell surface receptors and, through signal transduction cascades, lead to the activation of an initiator caspase caspase-8. Caspase-8 in turn activates downstream caspases, such as caspase-3. In the intrinsic pathway (72), a variety of extracellular and intracellular stress stimuli converge on the mitochondria to destabilize it and cause the release of pro-apoptotic factors into the cytosol. A key factor mediating mitochondrial destabilization is opening of the mitochondrial permeability transition pore (mPTP), a large, high-conductance pore that spans both the inner and outer mitochondrial membranes (40) . Once the mPTP opens, there is an influx of water, which leads to swelling of the mitochondrial matrix and eventually rupture of the outer mitochondrial membrane. Cytochrome c and other pro-apoptotic proteins, such as Smac/DIABLO [mitochondria-derived activator of caspases/direct inhibitor of apoptosis protein (IAP) binding protein with low PI]and apoptosis-inducing factor (AIF) are released from the intermembrane space into the cytosol. Cytochrome c binds the cytosolic adapter protein Apaf-1, which allows the recruitment and activation of an initiator caspase caspase-9, which then activates downstream caspases (46) . Smac/DIABLO binds and inhibits caspase inhibitor proteins thereby disinhibiting caspase activity (59) . AIF translocates to the nucleus and induces chromatin condensation and DNA fragmentation in a caspase-independent manner (85). The mitochondrial apoptosis pathway is also partly regulated by the Bcl-2 family of proteins (12) . Bcl-2 family members may be pro-apoptotic (Bax, Bad, Bid) or anti-apoptotic (Bcl-2, Bcl-xL).
There is an increasing body of evidence suggesting that the tetracyclines possess anti-apoptotic properties (Fig. 5) . In a seminal study by Yrjanheikki et al. (101) , it was found that MIN and DOX increased the survival of hippocampal neurons following global brain ischemia in gerbils, and this protection was associated with reduced caspase-1 expression. MIN was subsequently evaluated in several other models of neuronal injury and found to also be protective against Huntington's disease (8) , traumatic brain injury (73) , and Parkinson's disease (20) . In each of these cases, the neuroprotection by MIN was associated with a reduction in caspase-1 and/or caspase-3 expression, suggesting MIN was protective by inhibiting the expression of key factors within the apoptotic cascade. In addition to inhibiting caspase expression, MIN has also been shown to inhibit caspase activity by blocking activation. Zhu et al. (103) demonstrated that MIN inhibits cytochrome c release and caspase-3 activation in mice with amyotrophic lateral sclerosis. Using isolated mitochondria, Zhu and colleagues also showed that MIN inhibited Ca 2ϩ , and Bid induced mitochondrial swelling and cytochrome c release, indicating that the mitochondria, and perhaps the mPTP, were direct targets of MIN (103) .In a follow-up study, the same group showed that MIN inhibited mitochondrial release of cytochrome c, Smac/ DIABLO, and AIF in both a culture model and an in vivo mouse model of Huntington's disease, indicating MIN inhibits both caspase-dependent (cytochrome c and Smac/DIABLO) and caspase-independent AIF mitochondrial death pathways (95) . MIN also protected cultured renal epithelial cells from I-R injury and inhibited mitochondrial cytochrome c release (92) . Interestingly, this group found that protection by MIN was dependent on MIN-induced upregulation of Bcl-2, as antisense-mediated downregulation of Bcl-2 abolished the protective effects of MIN. Taken together, these studies demonstrate that MIN, and possibly also DOX, possess anti-apoptotic effects mediated by inhibition of caspase expression and by mitochondrial stabilization.
MIN has been shown to also improve myocyte survival and reduce infarct size, and this was correlated with reduced caspase expression and reduced mitochondrial release of cytochrome c and Smac/DIABLO (75) . These studies demonstrate that blocking apoptosis by directly inhibiting factors within the apoptotic cascade can salvage myocytes and reduce infarct size. MIN has been shown to effectively block apoptosis in models of neuronal injury, and there is at least preliminary evidence that MIN can reduce infarct size by blocking apoptosis in the heart. Additional studies are needed to clarify this potentially important role of tetracyclines in the heart.
Anti-Inflammatory Effects of Tetracyclines
A class of compounds that can act as anti-proteolytic and ROS scavenger is likely to exert anti-inflammatory actions. It is well accepted in the dermatology field that rosacea is a disease of inflammatory nature (51) . DOX are successfully used in the treatment of skin conditions such as acne and rosacea. Biopsies of inflammatory lesions of patients with acne yield increases in proinflammatory cytokines TNF-␣ and IL-1␤ (63) . These cytokines are known inducers of increases in MMP levels and of their activity. ROS and nitric oxide (NO) have also been described as playing a role in the pathophysiology of rosacea (49) . NO likely mediates increases in vessel permeability and edema and may support erythema development that occurs with rosacea. The beneficial effects of TTCs are likely associated with their aggregate "beneficial" actions including inhibiting proinflammatory cytokine levels, MMPs, and ROS. However, other actions add to their anti-inflammatory profile. MIN and to a lesser extent DOX can inhibit both pancreatic and nonpancreatic phospolipase A2 (65) . This enzyme plays important roles in joint inflammation with a less clear participation in rosacea. The migration of white blood cells is critical for inflammation to occur. TTCs can inhibit neutrophil migration (22) , adherence (26) , and the proliferation of lymphocytes (87) . Granuloma formation is a salient feature of many inflammatory diseases including rosacea. TTCs have been shown to inhibit granuloma formation of blood mononuclear cells in in vitro systems (996). Thus the cumulus of these features aggregates into the anti-inflammatory profile of TTCs.
Tetracycline Uptake by Tissues and Cells
Tetracyclines have been reported to concentrate at the site of tissue injury. In the 1970s investigators using radiolabeled tetracycline noted its capacity to accumulate in damaged myocardium and serve to diagnose infarcts (44, 45) . Results demonstrated a correlation between infarct size, as determined by radiolabeled tetracycline, and serum creatine kinase. The ability of tetracycline to concentrate in other tissues is well known (2). Dentists take advantage of the high concentration of DOX (Periostat) in saliva as a means to treat gingivitis. To investigate tetracycline accumulation in gingival tissue, Yang et al. (98) examined the capacity of gingival fibroblasts to uptake the compounds. Gingival fibroblasts transport MIN in a concentration-and temperature-dependent manner. At steady state, the cellular/extracellular concentration ratio was Ͼ60 for MIN. The uptake of tetracyclines also has been observed in neutrophils and may partly explain high levels observed in injured tissues (91) . Romero-Perez et al. (69) explored the capacity of MIN to accumulate in myocardial tissue and cells. MIN accumulated in myocardium severalfold greater than plasma levels. Accumulation was more pronounced in ischemic than normal myocardium. Cardiac fibroblasts and myocytes possess a comparable uptake system to that reported for gingival cells (98) . Their intracellular concentration could in theory reach millimolar levels. At these concentrations mass action effects are likely seen where the drugs may at the same time exert potent antioxidant, anti-MMP, and other effects that in balance ultimately translate into cytoprotective effects.
Other Potential Uses of Tetracyclines
The pleiotropic properties of tetracyclines are not necessarily limited to those described above. Indeed, this class of drugs have been reported as exerting unique effects on complex pathologies. In an experimental simian immunodeficiency virus (SIV) model of HIV central nervous system (CNS) disease, MIN reduced the severity of encephalitis, suppressed viral load in the brain, and decreased the expression of CNS inflammatory markers (102) . Tetracyclines also demonstrate protective effects on prion [PrP(Sc)]-mediated brain damage. In one study Syrian hamsters were injected intracerebrally with scrapieinfected brain homogenate that was coincubated with 1 mM tetracycline before inoculation (25) . Animals showed a significant delay in the onset of clinical signs of disease and prolonged survival time. Effects were paralleled by a delay in the appearance of magnetic-resonance abnormalities in the thalamus, neuropathological changes, and PrP(Sc) accumulation. When tetracycline was preincubated with highly diluted scrapie-infected inoculum, one third of hamsters did not develop disease. Thus tetracyclines appear to reduce prion infectivity through a direct interaction with PrP(Sc) and are potentially useful for inactivation of bovine spongiform encephalopathy (BSE)-or variant Creutzfeldt-Jacob disease-contaminated products and prevention strategies.
There are few agents as acutely damaging to tissues and living organisms as mustard gas. This alkylating agent causes massive blistering of the skin and severely damages the lungs by activating proteases (including elastases and MMPs) among other effects. In a study by Guingabert et al. (38) guinea pigs were given mustard gas intratracheally (38) . A group of animals were pretreated with DOX resulting in decreased gelatinase activity, decreased inflammation, and notable decrease in histological lung epithelial lesions. Acute respiratory distress syndrome (ARDS) develops in the setting of diseases such as sepsis. With ARDS an infiltration of the lungs by neutrophils can lead to a massive activation of the cells yielding local tissue destruction and possibly the death of the subject. The destruction of lung tissue can be documented in bronchial lavage by the presence of protease such as elastases, MMP, collagen, and elastin fragments. In a study by Steinberg et al. (83) the prophylactic use of the CMT COL-3 was examined in a chronic insidious onset animal model of sepsis-induced ARDS. COL-3 prevented the development of ARDS and also prevented septic shock. The emergence of new epidemics where ARDS may be an important component to the cause of severe disease or death raises the spectrum of the possible use of tetracyclines to prevent or limit the development of respiratory system complications. Such is the case for H1N1 influenza and SARS (severe acute respiratory distress syndrome caused by a coronavirus). A potential scenario may be where there is high risk of exposure and contamination by a mutated version of a virus (such as in the case of the H1N1 influenza) by medical personnel where the use of tetracyclines may be justified as a means of preventing serious complications from developing upon exposure and infection.
CMT (in particular COL-3) have also been examined for their anti-cancer therapeutic potential. MMP are involved in tumor metastasis and angiogenesis and are overexpressed in Kaposi's sarcoma (KS) cells. In a phase II study, there were significant declines in MMP-2 and MMP-9 plasma levels from baseline to minimum value with treatment, and the most common adverse events were photosensitivity and rash. COL-3, when administered at 50 mg/day, demonstrated antitumor activity similar to other promising investigational KS drugs. Table 1 summarizes the most relevant clinical trials implemented (excluding those associated with their antibiotic or dermatologic effects). As can be ascertained from the list, this class of drugs is receiving a great amount of attention pertaining to their apparent capacity to beneficially modulate various apparently unrelated diseases. The table also includes (in very general terms) the apparent cause associated with a particular disease where tetracyclines are being tested.
Ongoing Clinical Trials

Conclusions
Tetracyclines have been recognized slowly over time as a genre of drugs with interesting pleiotropic properties. Their accumulation in injured tissues makes them almost appear to act as a smart drug. The recognition by scientists and clinicians of these collection of properties and of the safety profile of this class of drugs has led to the implementation of clinical trials to explore their possible beneficial effects in the setting of a wide variety of diseases. Clinical trial efforts so far have been mostly isolated but, as a whole they would appear to require the formation of a consensus group that would lead to a more systematic understanding (and examination) of their therapeutic potential. As CMT have proven to generate useful derivatives with unique properties, a rational modification of this class of drugs may lead to the development of novel compounds with greater therapeutic potential and safety profiles. Partial listing of clinical trials in different phases of execution as gathered from www.clinicaltrials.gov for minocycline (20/54 total), doxycycline (11/ 88) , and the chemically modified tetracycline COL-3 (4/4). The listing only includes nonconventional uses.
Indeed, such creative efforts are currently the focus of various research groups (84) . However, it should be recognized that each member of the TTC family has both similar and more importantly, distinct properties from each other such as half life and lipophilicity. Scientists when anticipating their use, need to make extensive considerations towards the desired "preferred" action (e.g., antiapoptotic vs. antiprotease) and anticipated outcomes.
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